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FRACTURING AND SUBSIDENCE OF THE LAND SURFACE CAUSED

BY THE WITHDRAWAL OF GROUND WATER IN THE MILFORD AREA, UTAH

By R. M. CORDOVA and R' W' MOWER, Salt Lake City, Utah

Preporeil i'n cooperation with the Utah Departnxent of Noturol Resources

the altitude of about 5,120 feet (1.561 m)' Erosional

and clepositiorral features of tliis lalie ale still pre-

served.

The mountains consist of seclimentalv loclis of

Pal"oroic, Ifesozoic, and Tertiary age' igneous roclis

"i i.t*i"ty and Quatel'"ot'y og"' 
^ 
ancl uretauror'phic

"o"r.. "r 
precambrian age. jlost of the valley is uD-

a".j"r" 1y unconsolidated Quatemar y matelials'

The Quaternary deposits colnpose tlte principal

ground-water reservoir of the }Iilforcl area (llorver

ind Cordov a, L974). This reset'r'oir is the source of

nearly all the water withclrarvn from wells'and is the

locus"of the fracturing and subsicleuce of tlie lancl sur-

face. The thickness oi th. reservoir ranges from 0 to

about 840 feet (256 m) but is generally less than 500

feet (152 m),

DESCRIPTION OF FRACTURING

The fracturing is in an area about L mile (1.6 km)
wide and 11 miles (18 km) Iong, extending mostly
southwest of lfilford (fig. 1). The fracturing has de-

veloped in the upper part of the principal ground-
water reservoir in an unsaturated clay-silt zone which
is peaty at top in the Hay Springs area. The clay-silt
zone ranges in thickness from about 3 feet (1 m) to
about 40 feet (12 m) but most conmouly ranges from
15 to 25 feet (5 to 8 m). The largest fractures are in
Tadpole Springs and Hay Springs aleas (fig. 1),
both of which are now dry. The photographs in fig-
ures 2 and 3 show examples of the fracturing.

The maximum measured depth of the fractules in
1972 was 4 feet (7.2 m) ; however, the total depth could
not be measured because of bridging or par,tial fiIling.
Although the total depth o{ the fractrrres could not be
determined, they possibly cxtend to the lrottom of tlre
unsaturated clay-silt zone.

Abstract,-Fracturing and subsidence of the land surface

in the Milford area of Ubah hare resulted from the decline

of water letels due to pumping in unconsolidated deposits of

Quaternary age. lfo the writers' knowledge' these are the flrst

such effects of ground-water witlidra'n'al reported in t-tah'

The fracturing is in an area about l mile (1'6 hm) wide

antl 11 miles (18 km) long near Milfortl' iu an unsaturated

clay-silt zone (locally peaty at top) in the upper part of the

principal ground-water reservoir' The fractures range in

ierrgtt, trom several feet to more than 100 feet (30 m)' antl

their maximum measured depth in 1972 was 4 feet (1'2 m)'

Land subsidence in the Milford area is demonstrated by

threelinesofevidence:(1)collapsestructures,(2)wellcas-
ings that protrude higher above the land surface than when

first placed in the borehole, and (3) lower elevations at Na-

tional Ocean Survey (formerly U.S. Coast and Geodetic Sur-

vey) bench marks in 19?0 than in 1908. This evidence shows

that land subsidence in the Milford area is of two types, each

having a different origin. One type has a near-surfaee origin
in the clay-silt zone in the upper part of the principal ground-
water reservoir, and the other is in the lorver artesian aquifers
of the principal ground-water reservoir. The amount of ob-

served subsidence ranges from 0.05 foo't (0.015 m) at the beneh
mark at Read to about 6 feet (1.8 m) at collapse structures in
the Hay Springs area.

The withdrawal of ground water from wells has
caused fracturing and subsiclence of the land surface
in a part of the }{ilford ,area, IJtah. To the writers'
knorvledge, these are the first such efrects resulting
from ground-water withdrawal reported in Utah.

The \{ilford area is in southlgestern LTtah. The torvn
of nfilford, approximately in the center of the area,
is about 200 miles (322 l<m) southwest of Salt Lake
City (fig.1).

The area is in the Basin and Range physiographic
province and consists of a valley that is almost entire-
ly bounded by elongate subparallel mountains. The aI-
titude of the valley bot,torn r.anges fr.om about 4.850 to
5,500 feet (I,+78 to 1,676 m). and the valley rvas oc-
cupiecl duling Pleistocene time by Lake Bonneville to
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EXPLANATION

38'45'

General sea of fracturing

I
Bench mark (see table l)

o
Obsenation well

!.1_1LJ4r
Approximate limit of outcrco of

unconsolidat€d material of the valley

I lu0'

' Lal'el g 25 50 loo MILLS
tF_j-=-Lr__Jugoen | 6 25 5i1 ldo hrLovErREs

38'30'

Map of Utah ehowing ree of report

113.30'

X'rcunn l.-Location of the Milford area, approximate limit of outcrop of uneonsolidated materlals of the valley, and
selected information pertaining to fracturing and subsidence of the land surface.

I 13.00,
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X'routr 2.-Linear fracturing in the SWYrSWy4NEy4 sec. 24,

T. 28 S., B. 11 W., in the Tadpole Springs area, The stiek
at npper right is 4 t*t (7.2 m) long, Photographed Octo-
ber 5, 1972.

The fractures are generally linear, but some are
elliptical; they range in length from several feet to
more than 100 feet (30 m). Linoar fractures that in_
tersect form polygons similar to those formed in dry_
ing mud. Most polygons range in longest diametlr
from about 3 feet (1 m) to about 40 feei 1fZ m;.

DESCRIPTION OF TAND SUBSIDENCE
I-iand subsidence in the Milford area is demon_

strated by three lines of evidence: (1) collapse struc_
tures, (2) well casings that protrude higher above theland surface than wtren 

.firs^t placed in- ttre borehole,and (3) lower elevations in f9?b than in rsOA at benchmarks of the National Ocean Survey 1to"."rty fi.S.Coast and Geodetic Survey). ih" 
-lvidence 

suggeststhat land subsidence in tie, Milf;; u"uu i. of two
!{nur, ea-ch having a difierent 

""i*r;. One type has anear-surface origin in the clay_silT ,orr" ir, ;fr" ,;;";
ll'! '{ the principat ground_i;;;;;;_"ir, and theother is in the lor
"ipur 

g"o,r.ra-*","i*"" 
artesian aquifers of 

-the prin-

sl:; :#irTJ: :" iii:: I lil:':'T.T#l'"fi*
Th" "dl 

r ;*-cc1-seated 
subsidence-

graph) include .,,'1-"l,u"t 
(see fig' 3, bottom photo-

oounded bt;;i,'?ll ,f*"t and ellipti.or -.'ilrri,

areas of the Tadn.rl^ 
ults. These structures are in the

the sEf ;. ;;Ti".ild H."v- springs and arso inthe west half of ,"i. tg, T. 2d S::

X'rcurp 3.-Linear (top) and elliptical (bottomy fracturing andland subsidenee of near-surtace origin ("orrup." structure)in the NDy+Nny4Ntr^_y4 see. 1b, f. ZS S.,-n. 11 \y., in the

i|:i;3:t"r. 
area. Metre stick is u.ul., pr,otographed May

R. 10 W. The maximum amount of subsidence by col-lapse structures in th"^ I{"; S;"i;;";;", is abour 6feet (1.8 m) and abou.t z, t.ui 1o.b _1.i, ,r,. other areas.Casings of at least two wells il ;; most heavilvpumped part of the
Iand surface than ;J1rl:tJ 

protrucle higher turrc lrl
of land .rurri."." i"nll :ntt wute instill.a. r .*uii
10 ) 6;;;-; ;T'ffi ,i: 

ji"_"n^in fi gu ro {. rle r I t c_isi _
dence of 

"t 1";r;^;.;-'l .'l^.tnu^ti^therefore' the subsi-
curred dr;;;;;'o"o.ttot (0'10 m) at the *"ii;;-
gan in 1e5o (n- ;f";'fi*:irii'{:l|j'l;*#,F_
za-t0)29aad_1,-for 

which the drilling date is un-
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X'rcunn 4.-A result of land subsidence at pumped s'ell (C-29-
10)6baa-2. Discharge pipe between standpipe and n'ell is
displaced vertically 0.33 foot (0.10 m) at flexible con-
nection. Photographed October 5, 7572.

known, amounts to at least 0.1 foot (0.03 m), based on
eyidence similar to that at well (C-29-10)6baa-2.

Comparative surface-elevation data by the National
Ocean Survey are available for the area from l\{ilford
northward to Blacli Rock. (See fig. 1 ancl table 1.) A
comparison of elevations determined in 1908 and 1970

shows a, maximum subsidence of 0.415 foot (0'126 m)

at Milford. Although comparative elevation data are

not available south of lVlilford, the displacement of

WITHDRAWAI, OX'GROUND WATER, UTAH

the discharge pipe of well (C-29-10)6baa-2 (fig. +)
indicates at least 0.33 foot (0.10 n) of subsidence.

l'esr,n 1.-.Elcaatiotts at selecteil, bench, marks for 1908 and 19,10
lBench.. mark: lesignations are those of the National Ocean Survey;

see -figure- 1 for- locations. Elevation: l-irst-order leveltng lly thdNational Ocean Survey; the elevotion of bench mark W4 "wai con-
sidered as constant for this evaluation of changes; elevations, lnfeet, are based on the sealeyel datum of 19291-

w4
c5
D5
5084

Bench mark
r908

eleYation
1970 Difrerelevation ence

4852.963 4852.963 0.000
4883.825 4883.773 

-.0524905.896 4905.759 
-.1374956.690 4956.275 
-.4r5

CAUSES OF FRACTURING AND SUBSIDENCE

Fractures and near-surface subsidence

Fractures and near-surface subsidence were caused
by the dervatering of part or all of the clay-silt zone
after pumping of grouncl water from aquifers beneath
the zone had lowered the potentiometric snrface. Prior
to about L950, the potentiometric surface was near or
above the land surface in the area of fracturing, and
the clay-silt zone was saturated by ground water.
After lowering of the potontiometric surface, at least

the npper part of the clay-silt zone was no longer

saturaled. -he clay-silt and peaty materials dried'

and, contraction, fracturing, and subsidence resulted

during the processing of drying' Fracturing of the

land Jrrfacehue to ground-water withdrawal has been

reported. in States other than Utah; for example' see
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EXPLANATION

- -2O-
Line of equal decline, in feet, March 1950 to March

19?2; dashed where approximate or inferred 38'45'

General areas of decline

38'30',

a
Observation well

jJ'Ul..l'.J.u
Approximate limit of outcrcP of

unconsolidated material of the valley

113'30', 113'15',
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More than
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X'rcurs 6,-Decline of the potentiometric surface of the principal ground-water reservoir from Mareh 1950 to March 1972.



510 f,'RACTURING AND SUBSIDENCE OX'' LAND BY WITHDRAWAI, OX'GROUND WATER. UTAH

Robinson and Peterson (1962) for a description of
earth fissures in southern Arizona.

The following evidence suppolts the concept that
the development of the fracturing is comparatively re-
cent and coincided with the withdral'al of glound
water by wells: (1) fractules are commonly little
eroded and the walls have the appearance of being
freshly broken, (2) vegetation has not grorvn in the
fractures, (3) fracturing has developecl iocally in
previously cultivated fields, ancl (4) the fr,acturing
could not have occurred if the surface area was satu-
rated, as it rvas prior to about 1946 .when, according
to local residents, the Tadpole and IIay Spr.ings areas
virtually ceased dischargiug gronnd r,\'ater.

Where peat is the dominant material, as in the Hay
Springs area, the fracturing is the r,esnlt of difreren-
tial subsidence that occurred after the lorver.ing of the
water table. Subsidence of the peat results mainly
from one or a combination of the follol,ing proc"r.".,
(1) oxidation due to action of aerobic bacteria above
the- water table (for example, see lyeir,, 1gb0) ; (2)
sinking or compacting of the peat after the buoving
interstitial water is remoyed (W. E. nlcl(inzie, tI.Sl
Soil Conserv. Serv., oral commun., 1g?5). peatv arBas
rvhich have subsided are known in several other States.
tr'or example, subsidence of the Sacranento_San Joa_
quin Delta of California has exceeded g feet (2.4 m\
('llteir, 1950, p. 46) ; the main reason for the subsidence
is concluded to be oxidation.

The subsidence outside the I-Iay Springs ar.ea cloes
not have an exact parallel in other States. After ex_
cluding piping and g1'psum solution because of nesa_
tive field evidence, it is tentatively concludecl that an
organic soil zone of high porosity and n-eak stmctural
strength is buried by a relatively thin sur.ficial mineral
soil; the organic soil zone is tabular or perhaps len_

ticular in geometry. Also, removal of the interstitial
water in eflect wealiened the support of the overlying
surficial zone so that subsidence occurred.

Deep-seated subsidence

Deep-seated subsidence was caused by reduction of
artesian pressllre by pumping from the artesian
aquifers of the principal ground-water reservoir, re-
sulting in an increase of the grain-to-grain pressure
of the aquifer materials. Therefore, the aquifers com-
pacted or shranli in volume, and the land surface sub-
sided. (See Poland and Davis, 1969, for a detailed dis-
cussion of the causes and effects of land subsidence due
to fluid rvithdrawal.)

\\'ithdrawal from the ground-water reservoir began
in the Milford area in the early 1900's (about 1914 for
irrigation) and increased gradually until 1950. Since
1950 the annual rate of withdrawal for the entire arca
(mainly for ir,rigation) has increased marheclly (fig.
5). Coinciding with the increasecl withdrarval rate ,was

a fairly steady decline of water levels in most of the
valley. The decline of the potentiometric surface from
March 1960 to llarch lg72 is shown in fisure 6.
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